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Claims 



1. Photopolymerization initiator composition, characterized 
in that it comprises an organic peroxide and a benzalacetophenone 
which can be represented by the general formula (I) 

o 

jg>-C-CH-CH-<g^ (I) 

(where R x and R 2 are independently hydrogen atom, C M alkyl group, 
C M alkoxy group, phenyl group, phenoxy group, nitro group, amino 
group, or halogen atom) . 

2. Photopolymerization initiator composition according to 
Claim 1, characterized in that the benzalacetophenone is at least 
one selected from benzalacetophenone, 
dimethylaminobenzaldimethylacetophenone, 
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methoxybenzaldimethylaminoacetophenone, 

benzaldimethylaminoacetophenone, dimethylaminobenzalacetophenone, 
butoxybenzalmethylacetophenone , chlorobenzalacetophenone , and 
benzalnitroacetophenone • 

Detailed explanation of the invention 

Industrial application field 

The present invention pertains to photopolymerization 
initiator compositions for the polymerization of unsaturated 
compounds . 

It is well known that a monomer, an oligomer, and a polymer 
containing unsaturated bond(s) can be polymerized in the presence 
of a photopolymerization initiator. The phenomenon is widely 
used for a photopolymer and a photoresist in manufacturing a 
printing plate, a printed board, an IC, etc. 

Conventional technology 

In the past, it was reported that various substances were 
used as photopolymerization initiators and actually they have 
been used. For example, benzoin compounds such as benzoin, 
benzoin methyl ether, etc.; carbonyl compounds such as benzil, 
benzophenone, acetophenone , Michler's ketone, etc.: azo compounds 
such as azobisisobutyronitrile, azodibenzoyl, etc.; sulfur 
compound such as dibenzothiazolyl sulfide, decylphenyl sulfide, 
tetraethylthiuram disulfide, etc.; halogen compound such as 
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carbon tetrabromide, tribromophenylsulf one, etc.; and others such 
as 1, 2-benzanthraquinone. 

However, these compounds have not yet been satisfactory 
photopolymerization initiators and photopolymerization initiator 
compositions formed from them with various unsaturated compounds 
not necessarily possess good sensitivity as photopolymers, thus 
photopolymerization initiators with higher sensitivity and good 
storage stability have been demanded. 

There are many organic peroxides which have peroxide 
linkages in their molecules. Examples of such organic peroxides 
are hydroperoxide, dialkyl peroxide, diacyl peroxide, 
peroxyketal, peroxyester, and peroxycarbonate . It is well known 
that these compounds produce active radicals when they are 
decomposed by heat. Therefore, organic peroxides are widely used 
as thermopolymerization initiator, thermopolymerization catalyst, 
thermopolymerization hardener, and thermopolymerization 
crosslinking agent. It was reported that organic peroxides can 
be decomposed also by the energy of light and similarly produce 
active free radical species. However, if these compounds are 
used as a photopolymerization initiators of unsaturated 
compounds, the photopolymerization initiating power is low, thus 
they are not necessarily can be put to practical use as a 
photopolymerization initiator. Therefore heretofore, almost no 
organic peroxides have been used as photopolymerization 
initiators for polymerization-type photopolymers. . 
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Means of solving the problems 

Because of such circumstances, the present inventors carried 
out research to solve the problems, as a result, it was found 
that a combination of an organic peroxide and a 

benzalacetophenone which has a specified structure possessed very 
good photopolymerization initiating power, and in 
photopolymerization of an unsaturated compound it increased its 
initial-stage polymerization rate and if they were used, a high- 
sensitivity photosensitive resin can be obtained. 

Namely, the present invention provides photopolymerization 
initiator compositions by combination of organic peroxides and 
benzalacetophenones of the general formula (I) 



(where R x and 1*2 are independently hydrogen atom, C M alkyl group, 
C M alkoxy group, phenyl group, phenoxy group, nitro group, amino 
group, or halogen atom). 

Examples of benzalacetophenons of the general formula (I) 
are benzalacetophenone, benzalmethylacetophenone, 
methylbenzalmethylacetophenone, methylbenzalethylacetophenone, 
methylbenzalmethoxyacetophenone , ethylbenzalbutoxyacetophenone , 
methoxybenzalmethoxyacetophenone, methoxybenzalethylacetophenone, 
ethylbenzalphenoxyacetophenone , butylbenzalmethoxyacetophenone , 
benzaldmethylaminoacetophenone , 
dimethylaminobenzaldimethylaminoacetophenone, 



o 



(n 
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methoxybenzaldimethylaminoacetophenone, 
aminobenzalaminoacetophenone , 
dimethylaminobenzalmethoxyacetophenone, 

benzaldiethylaminocetophenone , dimethylamibenzalacetophenone , 
butoxybenzaldimethylaminoacetophenone, 

chlorobenzalmethylacetophenone, methylbenzalnitroacetophenone, 
benzalnitroacetophenone, and nitrobenzalacetophenone, and one or 
a mixture of at least two of them can be used. 

There is no restriction with regard to the structure of the 
organic peroxide used in the present invention so that one or a 
mixture of at least two compounds selected from the following 
compounds can be used, i.e., methyl ethyl ketone peroxide, 
cyclohexanone peroxide, 3 , 3 , 5-trimethylcyclohexanone peroxide, 
methylcyclohexanone peroxide, acetylacetone peroxide, 
1, 1-bis (tert-butylperoxy) -3,3, 5-trimethylcyclohexane, 
1 , 1-bis (tert-butylperoxy) cyclohexane, n-butyl 4 , 4 -bis (tert- 
butylperoxyvalerate) , 2,2-bis(tert-butylperoxybutane) , tert-butyl 
hydroperoxide, cumene hydroperoxide, diisopropylbenzene 
hydroperoxide, p-methane hydroperoxide, 2 , 5-dimethylhexane 
2 , 5-dihydroperoxide, 1,1,3, 5-tetramethylbutyl hydroperoxide, 
di (tert-butyl) peroxide, tert-butyl cumyl peroxide, dicumyl 
peroxide , a , a ' -bis (tert-butylperoxyisopropyl) benzene, 
2 , 5-dimethyl-2 , 5-di ( tert-butylperoxy) hexane, 2 , 5-dimethyl-2 , 5- 
di (tert-butylperoxy) hexyne-3, acetyl peroxide, isobutyryl 
peroxide, octanoyl peroxide, decanoyl peroxide, lauroyl peroxide, 
3,5,5-trimethylhexanoyl peroxide, succinic acid peroxide, benzoyl 
peroxide, 2 , 4-dichlorobenzoyl peroxide, m-toluoyl peroxide, 
diisopropyl peroxydicarbonate, bis (2-ethylhexyl) 
peroxydicarbonate , bis ( n-propy 1 ) peroxydicarbonate , 
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bis ( 2 -ethoxyethy 1 ) peroxydicarbonate , dimethoxy isopropy 1 
peroxycarbonate, bis (3-methyl-3-methoxybutyl) peroxydicarbonate, 
tert-butyl peroxyacetate, tert-butylperoxyisobutyrate, tert-butyl 
peroxypivalate, tert-butyl peroxyneodecanoate, tert-butyl 
peroxyoctanoate , tert-butyl peroxy-3 ,5,5 -tr imethy lhexanoate , 
tert-butyl peroxylaurate, tert-butyl peroxybenzoate, 
di (tert-alkyl) diperoxyisophthalate , 2 , 5-dimethyl-2 , 5- 
di (benzoylperoxy) hexane, tert-butyl maleic acid peroxide, tert- 
butyl peroxyisopropyl carbonate, 3,3' , 4, 4 '-tetrakis ( tert- 
butylperoxycarbonyl) benzophenone, 3 , 3 ' , 4 , 4 ' -tetrakis (tert- 
amylperoxycarbonyl) benzophenone, 3 , 3 ' , 4 , 4 9 -tetrakis (tert- 
hexylperoxycarbonyl ) benzophenone , 3 , 3 9 , 4 , 4 9 -tetrakis ( tert- 
octylperoxycarbonyl ) benzophenone , 3 , 3 9 , 4,4'- 
tetrakis ( cumy Iperoxycarbony 1 ) benzophenone , and 3 , 3 ' , 4 , 4 ' - 
tetrakis (p-isopropylcumylperoxycarbonyl) benzophenone. 

The photopolymerization initiator compositions of the 
present invention contains the above-mentioned (A) 
benzalacetophenone having a specified structure and (B) an 
organic peroxide as active components and the weight ratio of the 
two components is (A) : (B) = 1-99:99-1, preferably 3-95:97-5. If 
outside the specified range, excellent photopolymerization 
initiating power cannot be obtained. 

The photopolymerization initiator compositions of the 
present invention can photopolymerize almost all the unsaturated 
compounds. The unsaturated compounds are monomers, oligomers, 
and polymers having ethylenically unsaturated bonds such as 
acrylic acid, methacrylic acid, itaconic acid, maleic acid and 
its anhydride, phthalic acid and its anhydride, fumaric acid, 
methyl (meth) acrylate, ethyl (meth) acrylate, butyl 
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(meth)acrylate, glycidyl (meth) acrylate, hydroxyethyl 
(meth) aery late, dimethyl maleate, diethyl maleate, dimethyl 
fumarate, pentaerythritol tri (meth) aery late, trimethylolpropane 
tri(meth) aery late, ethylene glycol di (meth) acrylate, propylene 
glycol di (meth) acrylate, styrene, acrylamide, acrylonitrile, 
N-vinylpyrrolidone, vinyl acetate, unsaturated polyester, 
unsaturated polyether, unsaturated polyurethane, and epoxy 
(meth) acrylate . 

A photopolymerization initiator composition of the present 
invention is added to one or a mixture of at least two of these 
unsaturated compounds and if necessary a suitable diluting 
solvent is added to prepare a photopolymerization initiator 
composition. 

The amount of the photopolymerization initiator composition 
to be added is 0.1-30 parts by weight, preferably 0.5-20 parts by 
weight based on 100 parts by weight of the unsaturated compound. 

The suitable diluting solvent is any solvent which can 
dissolve the unsaturated compounds and the photopolymerization 
initiator compositions of the present invention. Examples of the 
suitable diluting solvent are water, methanol, ethanol, propanol, 
butanol, acetone, methyl ethyl ketone, methyl isobutyl ketone, 
toluene, xylene, ethyl acetate, butyl acetate, Cellosolve, 
tetrahydrofuran, dioxane, dichloromethane, chloroform, carbon 
tetrachloride, trichloroethylene, dimethylf ormamide, and dimethyl 
sulfoxide. 

The polymerization can be carried out when starting 
materials are irradiated with active rays such as ultraviolet or 
visible light in the presence of the photopolymerization 
initiator compositions obtained. For the light source, an 
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ultrahigh-pressure, high-pressure, middle-pressure, and low- 
pressure mercury lamp, chemical lamp, carbon arc, xenon lamp, 
metal hydride lamp, fluorescent lamp, tungsten lamp, sunlight, 
and various laser lamps can be used. 

Effect of the invention 

The photopolymerization initiator compositions of the 
present invention use a combination of benzalacetophenones and 
organic peroxides so that their sensitivity is much higher than 
that of conventional photopolymerization initiators and they can 
be photosensitized even using a weak light source, therefore, 
operability and profitability are excellent. 

The photopolymerization initiator compositions not only can 
be applied to regular photopolymerization but also can be applied 
to photocurable coating materials, printing ink, adhesives, 
printing plate, and photoresist and its effect is very good so 
that highest sensitivity can be obtained. 

Application examples 

In the following, application examples and comparative 
examples will be used to better understand the present invention. 
The "part(s) M in the examples are M part(s) by weight." 

Application Examples 1-16 

The amount (parts by weight, shown in Table I) of the 
photopolymerization initiator compositions of the present 
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invention shown in Table I was added to 100 parts of methyl 
methacrylate-methacrylic acid copolymer (molecular weight: 
70,000, acid value: 120) and 120 parts of pentaerythritol 
triacrylate (A-TMM-3L, Shin-Nakamura Chemicals Co., Ltd.)/ then 
the resulting mixture was dissolved uniformly in 1000 parts of 
methyl Cellosolve to prepare a photosensitive solution. 

The photosensitive solution was coated on an anodized 
aluminum plate using a spinner in such a way that the thickness 
of the coating film after drying was 1 /xm, then it was coated 
with 10 wt% of aqueous poly (vinyl alcohol) solution (PVA-105, 
Kuraray Co., Ltd.) using the same method in such a way that the 
thickness of the coating film after drying was 2 fsm to prepare a 
sample for testing photosensitivity. 

The photosensitivity was tested using a 2 kw ultrahigh- 
pressure mercury lamp. A gray scale (Kodak Step daburent 
[transliteration] No. 2) was closely adhered and it was exposed 
for one second at a distance of 65 cm, then it was developed in 
an aqueous 3% sodium metasilicate solution containing 20 wt% of 
isopropanol, then the number of steps of the residual hardened 
film was counted to measure the sensitivity. The results are 
shown in Table I. If the number of steps is two, the sensitivity 
is 2-fold, thus the larger the number, the higher the 
sensitivity. 

Comparative Examples 1-8 

For each individual case of commercially available 
photopolymerization initiator, benzalacetophenone, and organic 
peroxide, the photopolymerization initiator shown in Table II was 



used to prepare samples for testing photosensitivity using the 
method of the application examples. The results are shown in 
Table II. 

As is clear from Tables I and II, the step numbers of the 
products of the present invention are much larger than those of 
comparative examples; therefore, the sensitivity is much higher. 
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BTTB : 3 , 3 , 4 , 4 -tetrakis ( tert-buty lperoxycarbony 1 ) benzophenone 

PBIF: Di (tert-butyl) diperoxyisophthalate 

PBZ : (tert-Butyl) peroxybenzoate 

BPO: Benzoyl peroxide 

POZ : 2 , 5-Dimethyl-2 , 5-di (benzoylperoxy ) hexane 

Key: 1 Application Example 

2 Photopolymerization initiator compositions 



3 Benzalacetophenones 

4 Benzalacetophenone 

5 Dimethylaminobenzaldimethylaminoacetophenone 

6 Methoxybenzaldimethylaminoacetophenone 

7 Benzaldimethylaminoacetophenone 

8 Dimethylaminobenzalacetophenone 

9 Butoxybenzalmethylacetophenone 

10 Chlorobenzalacetophenone 

11 Benzalnitroacetophenone 

12 Organic peroxide 

13 Step number 

14 Step 

15 Parts (parts by weight) 
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BIBE: Benzoin isobutyl ether 

DETX: 2 , 4-Diethylthioxanthone 

DMBI: Isoamyl p-(dimethylamino)benzoate 

Irgacure 651: Dimethoxyphenylacetophenone (Ciba-Geigy Corp.)/ 
Darocur 1173: 2-Hydroxy-2-methyl-l-phenyl-l-propanone (Merch & 
Co., Inc.) 

Key: 1 Comparative Example 

2 Photopolymerization initiator 

3 Step number 



Parts (parts by weight) 
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